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Abstract: Seit einigen Jahren gibt es zunehmend Studien, die, basierend auf der Untersuchung von fos-
silen Holzkohlen und Schneckenschalen aus Löss-Paläoboden Sequenzen, die traditionelle Vorstellung von
weitestgehend baumlosen Steppen im Karpaten-Becken während der letzten Kaltzeit in Frage stellen.
Mit unseren Arbeiten versuchen wir anhand von Biomarkern einen Beitrag zu dieser Diskussion zu leis-
ten und herauszufinden, welches Potenzial in der Untersuchung von Alkan Biomarkern für die Rekon-
struktion der Vegetationsgeschichte während der letzten glazialen Zyklen steckt. Kürzlich veröffentlichte
erste Ergebnisse weisen darauf hin, dass der Degradationsgrad der pflanzenbürtigen organischen Sub-
stanz einen starken Einfluss auf das Alkanmuster in Böden hat und dass der in der Literatur häufig
verwendete Alkanquotient nC31/nC27 kein reiner Vegetations-Proxy ist, sondern auch maßgeblich die
unterschiedliche Degradation widerspiegelt. In der vorliegenden Arbeit führen wir daher erstmals einen
End Member Modellierungsansatz ein, bei dem der Degradationsgrad der organischen Bodensubstanz mit
berücksichtig wird. Das Modell wird auf die Loess-Paläoboden Sequenz Crvenka auf dem Bačka Loess
Plateau (Serbien) zwischen Donau und Theiss angewendet. Die so für den letzten Interglazial-Glazial-
Zyklus rekonstruierte Vegetationsgeschichte bestätigt die Holzkohle- und Mollusken-Befunde und deutet
auf Gras-Steppen während des letzten Interglazials und -stadials hin (Marine Isotopenstadien (MIS) 5
bzw. 3). Die Ergebnisse machen deutlich, dass Steppen während des gesamten letzten glazialen Zyk-
lus vorgeherrscht haben. Für das letzte Interglazial und das Interstadial der Marinen Isotopen Stufe
(MIS) 3 deuten die Biomarker Befunde auf reine Grassteppen hin. Dagegen prägten in den Glazialen
vermutlich auch vereinzelte Bäume das Landschaftsbild einer ‚Taiga-Steppe’. Die so rekonstruierte Vege-
tationsgeschichte steht im Einklang mit den Holzkohle- und Schneckenfunden, wie auch mit Ergebnissen
von Klima- und Biom-Modellierungen.
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Reconstructing Quaternary vegetation history in the Carpathian 
Basin, SE Europe, using n-alkane biomarkers as molecular fossils
Problems and possible solutions, potential and limitations
Michael Zech, Björn Buggle, Katharina Leiber, Slobodan Marković, Bruno Glaser, Ulrich Hambach, 
Bernd Huwe, Thomas Stevens, Pal Sümegi, Guido Wiesenberg, Ludwig Zöller
Abstract:  2YHUWKHUHFHQW\HDUVWKHUHKDVEHHQLQFUHDVLQJIRVVLO࢖DUFRDODQGPDODFRORJLFDOHYLGHQFHIURPORHVVSDODHRVROVHTXHQFHVLQWKH
&DUSDWKLDQ3DQQRQLDQ%DVLQWKDWFDOOLQWRTXHVWLRQWKHWUDGLWLRQDOSDUDGLJPRIWUHHOHVVIXOOJODFLDOSDODHRHQYLURQPHQWV,QRUGHU
WRFRQWULEXWHWRWKLVGLVFXVVLRQZHIRFXVRQSODQWGHULYHGQDONDQHVDQGHYDOXDWHWKHLUSRWHQWLDOWRVHUYHDVELRPDUNHUVIRUWKH
UHFRQVWUXFWLRQRIYHJHWDWLRQKLVWRU\GXULQJWKHODVWJODFLDOF\FOH5HFHQWO\SXEOLVKHGLQLWLDOUHVXOWVVKRZDVWURQJGHJUDGDWLRQH२HFW
RQWKHDONDQHSDࢗHUQKLQGHULQJWKHGLUHFWDSSOLFDWLRQRIIUHTXHQWO\XVHGDONDQHUDWLRVOLNHQ&Q&ZKL࢖DUHLQOLWHUDWXUHR࢔HQ
XVHGDVYHJHWDWLRQSUR[LHVJUDVVYVWUHH,QWKLVSDSHUZHWKHUHIRUHLQWURGXFHIRUWKH३UVWWLPHDQHQGPHPEHUPRGHOWDNLQJLQWR
DFFRXQWWKHGL२HUHQWGHJUHHRIRUJDQLFPDࢗHU20GHJUDGDWLRQLQVRLOVORHVVࢤHPRGHOLVDSSOLHGWRWKH&UYHQNDORHVVSDODHRVRO
VHTXHQFHRQWKH%DÏND/RHVV3ODWHDX9RMYRGLQD6HUELDDWWKHFRQ४XHQFHRIWKH'DQXEHDQG7LVD5LYHUVࢤHUHVXOWVVKRZJUDVV
GRPLQDQFHGXULQJWKHZKROHODVWJODFLDOF\FOH6RPHIHZWUHHVOLNHO\FRQWULEXWHGWRWKHYHJHWDWLRQFRYHUGXULQJJODFLDOSHULRGV
DQGGXULQJWKH+RORFHQHEXWQRWGXULQJWKHODVWLQWHUJODFLDODQGWKH0DULQH,VRWRSH6WDJH0,6LQWHUVWDGLDOࢤHUHFRQVWUXFWHG
YHJHWDWLRQKLVWRU\LVLQDJUHHPHQWZLWKSUHYLRXVPDODFRORJLFDODQG࢖DUFRDO३QGLQJVDVZHOODVZLWKFOLPDWHDQGELRPHPRGHOOLQJ
UHVXOWV
 [Rekonstruktion der quartären Vegetationsgeschichte im Karpaten-Becken, Südost-Europa, mit Hilfe von n-Alkan Bio-
markern als molekulare Fossilien: Probleme und mögliche Lösungen, Potenzial und Grenzen]
Zusammenfassung:  6HLW HLQLJHQ -DKUHQJLEW HV ]XQHKPHQG6WXGLHQGLH EDVLHUHQGDXIGHU8QWHUVX࢖XQJYRQ IRVVLOHQ+RO]NRKOHQXQG6࢖QH࢕HQ
V࢖DOHQDXV/¸VV3DO¦RERGHQ6HTXHQ]HQGLHWUDGLWLRQHOOH9RUVWHOOXQJYRQZHLWHVWJHKHQGEDXPORVHQ6WHSSHQLP.DUSDWHQ%H࢕HQ
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GDVVGHU'HJUDGDWLRQVJUDGGHUS४DQ]HQE¾UWLJHQRUJDQLV࢖HQ6XEVWDQ]HLQHQVWDUNHQ(LQ४XVVDXIGDV$ONDQPXVWHULQ%¸GHQKDW
XQGGDVVGHULQGHU/LWHUDWXUK¦X३JYHUZHQGHWH$ONDQTXRWLHQWQ&Q&NHLQUHLQHU9HJHWDWLRQV3UR[\LVWVRQGHUQDX࢖PD¡
JHEOL࢖GLHXQWHUV࢖LHGOL࢖H'HJUDGDWLRQZLGHUVSLHJHOW,QGHUYRUOLHJHQGHQ$UEHLWI¾KUHQZLUGDKHUHUVWPDOVHLQHQ(QG0HPEHU
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6HUELHQ]ZLV࢖HQ'RQDXXQGࢤHLVVDQJHZHQGHW'LH
VRI¾UGHQOHW]WHQ,QWHUJOD]LDO*OD]LDO=\NOXVUHNRQVWUXLHUWH9HJHWDWLRQVJHV࢖L࢖WHEHVW¦WLJWGLH+RO]NRKOHXQG0ROOXVNHQ%HIXQGH
XQGGHXWHWDXI*UDV6WHSSHQZ¦KUHQGGHV OHW]WHQ ,QWHUJOD]LDOVXQG٠VWDGLDOVKLQ 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LHUWH9HJHWDWLRQVJHV࢖L࢖WHVWHKWLP(LQNODQJPLWGHQ+RO]NRKOHXQG6࢖QH࢕HQIXQGHQZLHDX࢖PLW(UJHEQLVVHQYRQ.OLPDXQG
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ࣁࢴࢮ HW DO 0ࢬࢽࢶࢺࣁࢴࢮ HW DO  5ࣀࢯࢹࢰࢽ ࢫ 6ࣤࢸࢰࢲࢴ
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6ࣤࢸࢰࢲࢴࢫ.ࢽࢺࢷࢺࢻࢻ:ࢴࢷࢷࢴࢾHWDO=ࢰࢮࢳHW
DO D ,QWHUHVWLQJO\ WKHUH LV LQFUHDVLQJ IRVVLO࢖DUFRDO
DQGPDODFRORJLFDOHYLGHQFHIURPORHVVSDODHRVROVHTXHQFHV
LQ WKH &DUSDWKLDQ %DVLQ WKDW FDOO LQWR TXHVWLRQ WKH WUDGL
WLRQDOSDUDGLJPRIDWUHHOHVVIXOOJODFLDOSDODHRHQYLURQPHQW
+HQFH:ࢴࢷࢷࢴࢾࢫ$ࢹࢯࢰࢷ  DVN٩WUHHV RU QR WUHHV"٪ LQ
WKHWLWOHRI WKHLUSXEOLFDWLRQDQGWKRURXJKO\UHYLHZDOO WKH
1  Introduction
2YHUWKHODVWIHZ\HDUVPRUHDQGPRUHDࢗHQWLRQKDVEHHQ
IRFXVHG RQ WKH ORHVVSDODHRVRO VHTXHQFHV RI 6((XURSH E\
ࢣDWHUQDU\VFLHQWLVWVDLPLQJDWHVWDEOLVKLQJSHGRPDJQH
WRDQG࢖URQRVWUDWLJUDSKLHV %ࣀࢲࢲࢷࢰHWDO)ࣀࢮࢳࢾHW
DO 0ࢬࢽࢶࢺࣁࢴࢮHW DO 0ࢬࢽࢶࢺࣁࢴࢮHW DO  DQG
DWUHFRQVWUXFWLQJSDODHRHQYLURQPHQWVDQGFOLPDWH0ࢬࢽࢶࢺࣇ
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DYDLODEOHIRVVLOJHQHWLFDQGSDODHRFOLPDWLFHYLGHQFHDWWKDW
WLPH$OWKRXJKLWZDVSRVVLEOHWR३QGFOHDULQGLFDWRUVIRUWKH
SUHVHQFHRIWUHHVWKHDXWKRUVFRQFOXGHGWKDWIURPWKHIRVVLO
HYLGHQFHDORQHLWLVGL५FXOWWRHVWDEOLVKZKHWKHUWKHSURYHQ
WUHHVJUHZLQLVRODWHGSR࢕HWVRQDQRWKHUZLVHRSHQWXQGUD
ODQGVFDSH RU LQ DQ RSHQ WDLJD IRUHVW 3RWHQWLDOO\ ELRPDU
NHUVWXGLHVLHWKHVHDU࢖LQJIRUPROHFXODUIRVVLOHYLGHQFHLQ
ORHVVSDODHRVRO VHTXHQFHV XVLQJ IRU H[DPSOH SODQWGHULYHG
QDONDQHVFDQFRQWULEXWHLQWKHQH[W\HDUVWRDEHࢗHUXQGHU
VWDQGLQJRIWKHYHJHWDWLRQKLVWRU\LQWKH&DUSDWKLDQ%DVLQ
Q$ONDQHVZLWKWRFDUERQDWRPVQ&٠Q&DQG
DVWURQJRGGRYHUHYHQSUHGRPLQDQFH2(3DUHLPSRUWDQW
FRQVWLWXHQWV RI FXWLFXODU SODQW OHDI ZD[HV .ࢺࢷࢬࢿࢿࣀࢶࣀࢯࣄ
:LWK WKH OLࢗHUIDOO WKH\ DUH GHSRVLWHG DQG VWRUHG LQ
VRLOVDQGVHGLPHQWVIRUH[DPSOHLQDHROLDQVHGLPHQWVZKHUH
WKH\DUHDVVXPHGWREHUHODWLYHO\UHVLVWDQWWRELRJHR࢖HPL
FDOGHJUDGDWLRQ%ࢺࣀࢽࢭࢺࢹࢹࢴࢰࢽࢰHWDO&ࢽࢬࢹࣂࢰࢷࢷ
)XUWKHUPRUHVLQFHGL२HUHQWYHJHWDWLRQW\SHVUHYHDOGLVWLQFW
DONDQHSDࢗHUQVDQGKHQFHDVRFDOOHG٩࢖HPLFDO३QJHUSULQW٪
DONDQHV KDYH WKH SRWHQWLDO WR VHUYH DV ELRPDUNHUV )RU LQ
VWDQFHWKH\DUHXVHGWRGL२HUHQWLDWHEHWZHHQDXWR࢖WKRQRXV
ODFXVWULQH DQG DOOR࢖WKRQRXV WHUUHVWULDO RUJDQLF PDࢗHU
20LQODNHVHGLPHQWV%ࢺࣀࢽࢭࢺࢹࢹࢴࢰࢽࢰHWDO)ࢴࢮࢶࢰࢹ
HWDO0ࣤࢲࢷࢰࢽHWDO=ࢰࢮࢳHWDOERUWRUH
FRQVWUXFWYHJHWDWLRQ࢖DQJHVSUHGRPLQDQWO\LQWHUPVRIWKH
UHODWLYH SURSRUWLRQV RI JUDVVHV DQG WUHHV &ࢽࢬࢹࣂࢰࢷࢷ 
6ࢮࢳࣂࢬࢽࢶHWDO=ࢰࢮࢳ)LUVWQDONDQHUHVXOWVIRU
WKH&DUSDWKLDQ%DVLQ SUHVHQWHG E\=ࢰࢮࢳ HW DO D LQ
GLFDWHWKDWWKHDONDQHSDࢗHUQLQVRLOVDQGORHVVLVQRWRQO\
VWURQJO\D२HFWHGE\WKHW\SHRIYHJHWDWLRQEXWDOVRE\20
GHJUDGDWLRQ ,Q WKLVSDSHUZH WKHUHIRUHSURSRVHD VROXWLRQ
IRUWKLVSUREOHPE\HVWDEOLVKLQJDQHQGPHPEHUPRGHOWKDW
LWDNHVLQWRDFFRXQWWKHGHJUHHRI20GHJUDGDWLRQDQGLL
DOORZV WKH GL२HUHQWLDWLRQ RI DONDQHV GHULYHG IURP JUDVVHV
DQGKHUEVYHUVXVDONDQHVGHULYHGIURPWUHHVDQGVKUXEVࢤH
PRGHO LVDSSOLHGWRDONDQHUHVXOWV IURPWKH&UYHQND ORHVV
SDODHRVROVHTXHQFHRQWKH%DÏND/RHVV3ODWHDXDWWKHFRQ
४XHQFHRIWKH'DQXEHDQG7LVD5LYHUVࢤHSRWHQWLDODQGWKH
OLPLWDWLRQVRIWKHPHWKRGDUHGLVFXVVHG
2  Study Area and Pedostratigraphy
/DUJHDUHDVRIWKH&DUSDWKLDQ%DVLQ3DQQRQLDQ%DVLQDUH
FRYHUHGZLWKORHVVR࢔HQIRUPLQJGLVFRQWLQXRXVSODWHDXXS
ODQGVEHWZHHQWKHDOOXYLDOSODLQVRIWKH'DQXEH7LVD6DYD
DQG7DPLģ5LYHUV&ORVHWRWKHWRZQ&UYHQNDDERXWNP
QRUWKZHVWRI1RYL6DG LQ WKH9RMYRGLQD5HJLRQ 6HUELDD
ORHVVSDODHRVROVHTXHQFHRIDERXWPWKL࢕QHVVLVH[SRVHG
LQ D EUL࢕\DUG VLWXDWHG RQ WKH VRXWKZHVWHUQ HGJH RI WKH
%DÏND/RHVV3ODWHDX)LJ
)LJ7RSRJUDSKLFPDSRIWKH&DUSDWKLDQ%DVLQDQGWKH9RMYRGLQD3URYLQFHVKRZLQJWKHJHRJUDSKLFSRVLWLRQVRIWKH&UYHQNDDQGRWKHUORHVVH[SRVXUHV
0ࠀࠑࠊࠎࠕࠈࠂHWDO
$EE7RSRJUDSKLVߴH.DUWHGHV.DUSDWHQ%H߳HQVXQGGHU9RMYRGLQD3URYLQ]PLWGHUJHRJUDSKLVߴHQ/DJHGHU/RHVV3DO¦RERGHQ6HTXHQ]&UYHQNDXQG
DQGHUHU/RHVVDXIVߴO¾VVH0ࠀࠑࠊࠎࠕࠈࠂࠄࠓࠀࠋ
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,QLWLDO SHGRVWUDWLJUDSKLFDO GHVFULSWLRQ DQG WKH३UVW JHR
࢖HPLFDOJUDLQVL]HDQGPDJQHWLFVXVFHSWLELOLW\UHVXOWVDUH
SURYLGHGE\0ࢬࢽࢶࢺࣁࢴࢮHWDODQG=ࢰࢮࢳHWDOD
$FFRUGLQJWRWKHVHUHVXOWVWKH&UYHQNDH[SRVXUHFRQWDLQVD
UHFRUGRIWKHODVWLQWHUJODFLDOJODFLDOF\FOHZLWKDaPWKL࢕
DQGFOD\UL࢖LQWHUJODFLDO٥96٦SDODHRVROWKHSUH३[٥9٦UH
IHUVWRWKHVWDQGDUG3OHLVWRFHQHORHVVSDODHRVROVWUDWLJUDSK\
LQ WKH9RMYRGLQDUHJLRQ0ࢬࢽࢶࢺࣁࢴࢮHWDOH[SRVHGDW
WKHERࢗRPRIWKHVHTXHQFHࢤHRYHUOD\LQJaPWKL࢕٥9/٦
ORHVVFRQWDLQVDQLQWHUEHGGHGZHDNO\GHYHORSHGLQWHUVWDGLDO
SDODHRVRO FRPSOH[ ٥9/6٦ DQG WKH WRSRI WKH ORHVVSDO
DHRVROVHTXHQFHLVFDSSHGE\WKH+RORFHQHPRGHUQWRSVRLO
٥96٦
3  Material and Methods
'XULQJD३HOGFDPSDLJQLQ1RYHPEHUWKH&UYHQNDH[
SRVXUHZDVFOHDQHGE\GLJJLQJDQGORJJLQJWUHQ࢖HVDERXW
PZLGHDQGPGHHS6DPSOLQJIRUELRPDUNHUDQDO\VLV
ZDVFRQGXFWHGE\WDNLQJPL[HGVDPSOHVHYHU\FPUHVXOW
LQJLQWRWDOO\VDPSOHVIURPWKHVHTXHQFH$GGLWLRQDOO\
VDPSOHVIRUOXPLQHVFHQFHGDWLQJZHUHWDNHQIURPWKHH[SR
VXUH0DQXVFULSWVGHDOLQJZLWKDGHWDLOHGGHVFULSWLRQRIWKH
VWUDWLJUDSKLFDOSHGRORJLFDOJHR࢖HPLFDOPDJQHWLFٖIHDWXUHV
DVZHOO DV WKH OXPLQHVFHQFH GDWLQJ DUH LQ SUHSDUDWLRQ$W
WKHSUHVHQWVWDWHRIUHVHDU࢖RXU࢖URQRVWUDWLJUDSK\IRUWKH
&UYHQNDVHFWLRQLVEDVHGRQSHGRVWUDWLJUDSKLFFRUUHODWLRQVWR
ZHOOGDWHGVHFWLRQVRIWKHUHJLRQHJ6XUGXN3HWURYDUDGLQ
5XPD)ࣀࢮࢳࢾHWDO0ࢬࢽࢶࢺࣁࢴࢮHWDO0ࢬࢽࢶࢺࣁࢴࢮ
HWDOVLQFHWKHQXPHULFDOGDWLQJUHVXOWVIURP&UYHQND
DUHQRW\HWDYDLODEOH
,QRUGHUWR࢖DUDFWHULVHWKHPRGHUQYHJHWDWLRQW\SHVZLWK
UHVSHFWWRWKHLUDONDQHSDࢗHUQPL[HGOLࢗHUDQGWRSVRLOVDP
SOHVZHUH FROOHFWHG IURP VHYHUDO VLWHV RQ WKH )UXVND*RUD
0RXQWDLQVDERXWNPVRXWKRI1RYL6DGPL[HG߸HUFXV
VSDQG)DJXVVS IRUHVWVDQGIURPJUDVVODQGVRQWKH7LWHO
/RHVV3ODWHDXDERXWNPHDVWRI1RYL6DGJUDVVDQGKHUE
YHJHWDWLRQ)LJ
6DPSOHSUHSDUDWLRQRI WKHQDONDQHVZDV FDUULHGRXW DW
WKH8QLYHUVLW\RI1RYL6DG6HUELDDQGDWWKH8QLYHUVLW\RI
%D\UHXWK*HUPDQ\XVLQJDPRGL३HGPHWKRGD࢔HU=ࢰࢮࢳ	
*ࢷࢬࢾࢰࢽ  )UHH OLSLGV ZHUH H[WUDFWHG ZLWKPHWKDQRO
WROXHQHXVLQJ6R[KOHWDSSDUDWXVDQGVXEVHTXHQWO\FRQ
FHQWUDWHGXVLQJURWDU\HYDSRUDWLRQࢤHOLSLGH[WUDFWVZHUH
SXUL३HGRQVLOLFDDOR[FROXPQVJRIHD࢖GHDFWLYDWHG
Q$ONDQHVZHUHHOXWHGZLWKPOKH[DQHWROXHQH
ࢣDQWL३FDWLRQZDVSHUIRUPHGRQDQ+3JDV࢖URPDWR
JUDSKHTXLSSHGZLWKD४DPHLRQLVDWLRQGHWHFWRU),'_
$QGURVWDQDQG+H[DWULDFRQWDQHQ&ZHUHDGGHGDVLQWHU
QDODQGUHFRYHU\VWDQGDUGVUHVSHFWLYHO\
)LJ0HDQQDONDQHGLVWULEXWLRQSDߵHUQVIURPJUDVVODQGVGHFLGXRXVDQGFRQLIHURXVIRUHVWV2(3 RGGRYHUHYHQSUHGRPLQDQFH(UURUEDUVLQGLFDWH
VWDQGDUGGHYLDWLRQ%DVHGRQGDWDIURP=ࠄࠂࠇHWDOD0ࠀࠑࠒࠄࠈࠋࠋࠄHWDO3ࠑ࠷ࠆࠄࠋ5ࠎࠌࠌࠄࠑࠒࠊࠈࠑࠂࠇࠄࠍDQG5ࠔࠌࠏࠄࠋ߿:ࠈࠄࠒࠄࠍࠁࠄࠑࠆ
XQSXEOLVKHG
$EE'XUߴVߴQLߵOLߴHVQ$ONDQ9HUEUHLWXQJVPXVWHUYRQ*UDVODQG/DXEXQG1DGHOZDOG2(3 RGGRYHUHYHQSUHGRPLQDQFH'LH)HKOHUEDONHQNHQQ
]HLߴQHQGLH6WDQGDUGDEZHLߴXQJ1Dߴ'DWHQYRQ=ࠄࠂࠇHWDOD0ࠀࠑࠒࠄࠈࠋࠋࠄHWDO3ࠑ࠷ࠆࠄࠋ5ࠎࠌࠌࠄࠑࠒࠊࠈࠑࠂࠇࠄࠍXQG5ࠔࠌࠏࠄࠋ߿
:ࠈࠄࠒࠄࠍࠁࠄࠑࠆXQYHU¸ࢵHQWOLߴW
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4  Results and Discussion
4.1  n-Alkane distribution patterns of modern
 vegetation and soils
ࢤHQDONDQH SDࢗHUQV REWDLQHG IURP WKH OLࢗHU DQG WRSVRLO
VDPSOHVFROOHFWHGIURPPL[HG߸HUFXVVSDQG)DJXVVSIRU
HVWVRQWKH)UXVND*RUD0RXQWDLQVDQGVDPSOHVIURPJUDVV
ODQGVRQWKH7LWHO/RHVV3ODWHDXDUHLQDJUHHPHQWZLWK३QG
LQJVLQWKHOLWHUDWXUH,QRUGHUWRLQFUHDVHRXUGDWDVHWIRUWKH
HQGPHPEHUPRGHOOLQJZHDGGLWLRQDOO\ LPSOHPHQWHGGDWD
IURP0ࢬࢽࢾࢰࢴࢷࢷࢰHWDO3ࢽࣤࢲࢰࢷHWDO5ࢺࢸࢸࢰࢽࢾࣇ
ࢶࢴࢽࢮࢳࢰࢹ HW DO  DQG 5ࣀࢸࢻࢰࢷ ࢫ:ࢴࢰࢾࢰࢹࢭࢰࢽࢲ XQSX
EOLVKHG
)LUVWO\WKHIUHVKELRPDVVUHYHDOVDVWURQJRGGRYHUHYHQ
SUHGRPLQDQFH 2(3)LJZLWKPHDQYDOXHVRI
DQGIRUJUDVVHVDQGKHUEVGHFLGXRXVWUHHVDQGFRQLIHUV
UHVSHFWLYHO\ZKHUH
2(3 &&&&&&&&
+HQFHKLJK2(3YDOXHVDUHW\SLFDOIRUIUHVKXQGHJUDGHG
FXWLFXODUSODQWOHDIZD[HV,QFRPSDULVRQORZHU2(3YDOXHV
DUH࢖DUDFWHULVWLFIRUWKHWRSVRLOV)LJDQGDUHR࢔HQ
LQWHUSUHWHGLQWHUPVRI20GHJUDGDWLRQ6HFRQGO\LWLVVWULN
LQJWKDWWKHDONDQHSDࢗHUQVRIUHVSHFWLYHOLࢗHUDQGWRSVRLOV
DUHQRWLGHQWLFDOEXWEHFRPHPRUHEDODQFHGLHIRULQVWDQFH
WKHUDWLRV&&DSSURD࢖WKHYDOXHVࢤLVPLJKWEHDW
WULEXWHGWRHLWKHUDQLQSXWRIPLFURELDORUURRWELRPDVVRUWR
ELRGHJUDGDWLRQ:ࢴࢰࢾࢰࢹࢭࢰࢽࢲHWDO
,QVSLWHRIWKHVHYDULDWLRQVLWLVYDOLGWKDWLQIRUHVWOLࢗHU
DQGIRUHVWVRLOVWKHQDONDQHV&DQG&GRPLQDWHZKHUH
DVLQJUDVVODQGVWKHDONDQHV&DQG&DUHPRUHDEXQGDQW
)LJࢤHVHUHVXOWVH[SODLQZK\DONDQHUDWLRVDUHXVHGDV
WRROWRGL२HUHQWLDWHEHWZHHQIRUHVWDQGJUDVVODQGYHJHWDWLRQ
LQSDODHRHQYLURQPHQWDOVWXGLHV&ࢽࢬࢹࣂࢰࢷࢷ6ࢮࢳࣂࢬࢽࢶ
HWDO=ࢰࢮࢳ=ࢳࢬࢹࢲHWDO
4.2  n-Alkane ratios from the Crvenka loess-palaeosol
 sequence
5HFHQWO\ZHWULHGDWHQWDWLYHSDODHRYHJHWDWLRQDOUHFRQVWUXF
WLRQIRUWKH&UYHQNDORHVVSDODHRVROVHTXHQFHEDVHGRQDO
NDQHUDWLRV=ࢰࢮࢳHWDOD,QIDFWIRULQVWDQFHWKHUDWLR
&& YDULHVZLGHO\ EHWZHHQ a DQG  )LJ %ZLWK
PD[LPD࢖DUDFWHULVLQJWKHORHVVXQLWV٥9//٦DQG٥9//٦
2QHPD\EHWHPSWHGWRLQWHUSUHWWKHVHYDULDWLRQVLQWHUPV
RI JUDVVIRUHVW YHJHWDWLRQ࢖DQJHV KDYLQJ RFFXUUHG GXULQJ
WKHODVWJODFLDOF\FOH+RZHYHUZHUHMHFWHGWKLVLGHDEHFDXVH
L VWXG\LQJPRGHUQ OLࢗHUDQG UHVSHFWLYH WRSVRLOV LQGLFDWHV
)LJ$3HGRVWUDWLJUDSK\DQGVDPSOLQJVߴHPHIRUWKH&UYHQNDORHVVSDODHRVROVHTXHQFHIURP=ࠄࠂࠇHWDOD%'HSWKIXQFWLRQVIRUWKH2(3DQG
WKHDONDQHUDWLR&&
$EE$3HGRVWUDWLJUDSKLHXQG3UREHQHQWQDKPHVߴHPDI¾UGLH/RHVV3DO¦RERGHQ6HTXHQ]&UYHQNDQDߴ=ࠄࠂࠇHWDOD%7LHIHQIXQNWLRQI¾U2(3
XQGGDV$ONDQ9HUK¦OWQLV&&
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WKDWWKHUDWLR&&LVSURQHWRGHJUDGDWLRQH२HFWV)LJ
DQGEHFDXVHLL&&FRUUHODWHVKLJKO\VLJQL३FDQWO\ZLWK
WKH2(35 )LJ%WKHODࢗHUKDYLQJWKHSRWHQWLDOWR
VHUYHDVGHJUDGDWLRQSUR[\+HQFHLW LV OLNHO\WKDWPRVWRI
WKH&&YDULDWLRQVLQWKH&UYHQNDGDWDVHWDUHFDXVHGE\
GHJUDGDWLRQUDWKHUWKDQE\YHJHWDWLRQ࢖DQJHV(YHQWXDOO\
DOO ELRPDUNHUEDVHG UHFRQVWUXFWLRQV RI YHJHWDWLRQ࢖DQJHV
KDYHWREHFRQVLGHUHGZLWKFDXWLRQXQOHVVLWFDQEHJXDUDQ
WHHGWKDWWKHRUJDQLFPDࢗHULVKLJKO\SUHVHUYHGWKURXJKRXW
WKHZKROHDU࢖LYHHJODNHVHGLPHQWVRUDSURQRXQFHGIRU
HVWGRPLQDQFH &&DOWHUQDWHGZLWKDSURQRXQFHG
JUDVVGRPLQDQFH&&!,QVSLWHRIWKLVDSSDUHQWLP
SDFW RI GHJUDGDWLRQ RQ DONDQH UDWLRVZH DUH DZDUH RI QR
SXEOLVKHG DࢗHPSWV WR FRUUHFW DONDQHELRPDUNHU UHVXOWV IRU
WKLVH२HFWQHLWKHUTXDOLWDWLYHO\QRUTXDQWLWDWLYHO\ZKHQXV
LQJDONDQHUDWLRVDVYHJHWDWLRQSUR[LHV
4.3  End member modelling – accounting for the   
 degradation effect
$VDUHVXOWRI20GHJUDGDWLRQWKHRULJLQDOO\KLJK&&
UDWLRV LQJUDVVHVDQGKHUEVGHFUHDVHGXULQJGHFRPSRVLWLRQ
DQGIRUPDWLRQRIVRLO20)LJࢤLVFDQEHSORࢗHGDV٥GHJ
UDGDWLRQOLQH٦XVLQJWKH2(3DVSUR[\IRUGHJUDGDWLRQDQG
SORࢗLQJERWKIUHVK OLࢗHUDQGWRSVRLOVDPSOHVIURPPRGHUQ
JUDVVODQGV)LJ$1RWHWKDWWKHRUGLQDWHLVJLYHQDVWKH
SURSRUWLRQRI&WRWKHVXPRI&DQG&LQSHUFHQWDQG
QRWDVUDWLRRI&&$GHJUDGDWLRQOLQHFDQDOVREHSORW
WHGIRUWKHOLࢗHUDQGWRSVRLOVIURPIRUHVWVLWHVWKXVDOORZLQJ
DVLPSOL३HGGHVFULSWLRQRI WKHDONDQHUDWLR࢖DQJHVGXULQJ
GHJUDGDWLRQRI20GHULYHGIURPWUHHVDQGVKUXEV
/RHVVSDODHRVROVDPSOHV WKDWZHUH IRUPHGSXUHO\XQGHU
RQH RI WKHVH WZR YHJHWDWLRQ W\SHV HQG PHPEHUV VKRXOG
SORWRQRUFORVHWRWKH٥GHJUDGDWLRQOLQHV٦6DPSOHVWKDWZHUH
IRUPHGXQGHUDPL[HGYHJHWDWLRQVKRXOGSORWLQEHWZHHQWKH
GHJUDGDWLRQOLQHV )LJ$ࢤHSHUFHQWDJHFRQWULEXWLRQRI
JUDVVHVDQGKHUEVYHUVXVWUHHVDQGVKUXEVWRWKHWRWDOFRQWHQW
RIIRVVLOSODQWDONDQHVLQDORHVVRUSDODHRVROVDPSOHFDQEH
GHWHUPLQHGLQWZRVWHSV
)LUVWO\XVLQJWKH2(3RIWKHVDPSOHWKHUHVSHFWLYHDONDQH
UDWLRHQGPHPEHUVIRUJUDVVODQGYHUVXVIRUHVWDUHFDOFXODWHG
E\PHDQVRIWKHIXQFWLRQVGHVFULELQJWKH٥GHJUDGDWLRQOLQHV٦
6HFRQGO\XVLQJWKHHQGPHPEHUVREWDLQHGIRUDFHUWDLQ
VDPSOHWKHFRQWULEXWLRQRIWKHWZRYHJHWDWLRQW\SHVLVHV
WLPDWHGE\PHDQVRIDWZRFRPSRQHQWPL[LQJHTXDWLRQ$F
FRUGLQJO\ WKHTXRWLHQWDFJLYHV WKHDONDQHFRQWULEXWLRQ
RIJUDVVHVDQGKHUEVZKHUHDVWKHTXRWLHQWEFJLYHVWKH
DONDQHFRQWULEXWLRQRIWUHHVDQGVKUXEV)LJ$
ࢤHPRVW DFFXUDWH UHVXOWV FDQ EH H[SHFWHG IRU VDPSOHV
ZLWK KLJK2(3 YDOXHV ZKHUHDV DFFXUDF\ VKRXOG GHFUHDVH
ZLWKGHFUHDVLQJ2(3YDOXHVGXHWRWKHFRQYHUJLQJGHJUDGD
WLRQOLQHV)LJ$$FFXUDF\LVIXUWKHUPRUHOLPLWHGE\WKH
VFDࢗHULQJRIWKHPRGHUQGDWDVHW)XUWKHUPRUHLWVKRXOGEH
PHQWLRQHGWKDWWKHUHLVQRWRQO\DQLQWHUVSHFLHYDULDELOLW\RI
WKHDONDQHSDࢗHUQSURGXFLQJWKHVFDࢗHULQJDURXQGWKHGHJ
UDGDWLRQOLQHVEXWDOVRDQLQQHUVSHFLHYDULDELOLW\ࢤHODࢗHU
FDQEHFDXVHGE\OHDIDQGQHHGOHDJLQJ3ࢽࣤࢲࢰࢷHWDO
DVZHOODVE\HQYLURQPHQWDOVWUHVV6ࢳࢰࢻࢳࢰࢽࢯ	*ࢽࢴࢱࢱࢴࢿࢳࢾ
'XHWRWKHVFDࢗHULQJPRGHOOLQJFDQUHVXOWLQQHJDWLYH
SHUFHQWDJHYDOXHVIRUWUHHRUJUDVVGHULYHGDONDQHV)LJ
+RZHYHU WKLVGRHVQRW LQGLFDWHWKDWWKHLGHDRIWKHPRGHO
LVZURQJRULQYDOLG,WUDWKHUSRLQWVWRWKHOLPLWDWLRQRIWKH
PRGHOWRLQFRUSRUDWHLQWHUVSHFLHDQGLQQHUVSHFLHYDULDELOLW\
ZLWKLQJUDVVODQGVDQGIRUHVWVUHVSHFWLYHO\,QRUGHUWR࢖H࢕
WKH UREXVWQHVV RI RXU HQG PHPEHU PRGHO ZH FDOFXODWHG
WKHPRGHOQRWRQO\ZLWK&&EXWDGGLWLRQDOO\DOVRIRU
)LJ(QGPHPEHUPRGHOOLQJIRUWKHDONDQHUDWLRV$&&%&
&&&&DQG'&&&&7UHQGOLQHVZHUHࢶߵHGWR
WKHGDWDVHWVRZQGDWDDQGGDWDIURPOLWHUDWXUHVHHDERYHIURPPRGHUQ
JUDVVODQGVDQGIRUHVWVUHVSHFWLYHO\GHVFULELQJٞGHJUDGDWLRQOLQHVٟ$Q
HVWLPDWHGSHUFHQWDJHFRQWULEXWLRQRIWUHHGHULYHGDONDQHVWRDSDODHRVRO
VDPSOHFDQEHFDOFXODWHGE\WKHUDWLRDF
$EE(QG0HPEHU0RGHOOI¾UGLH$ONDQ9HUK¦OWQLVVH$&&%&
&&&&XQG'&&&&'LH7UHQGOLQLHZXUGHDQ
GLH'DWHQV¦W]HYRQUH]HQWHP*UDVODQGXQG:¦OGHUQDQJHSDVVWHLJHQH'D
WHQXQG/LWHUDWXUGDWHQVREHQXQGEHVߴUHLEWHLQH'HJUDGDWLRQVOLQLH'HU
$QWHLOYRQ$ONDQHQLQHLQHU3DO¦RERGHQSUREHGLHYRQ%¦XPHQVWDPPHQ
NDQQDXVGHP9HUK¦OWQLV$&EHUHߴQHWZHUGHQ
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VHYHUDORWKHUDONDQHUDWLRV OLNH&&)LJ%&&
)LJ&DQG&&&&)LJ'
4.4 Reconstruction of vegetation and climate history 
 recorded in the Crvenka loess-palaeosol sequence
)LJ  GHSLFWV WKDWPRVW RI WKH  ORHVVSDODHRVRO VDPSOHV
IURP&UHYHQNDSORWFORVHWRWKHJUDVV٥GHJUDGDWLRQOLQHV٦IRU
DOO IRXU LOOXVWUDWHG DONDQH UDWLRVࢤLV ३QGLQJ SURYHV WKDW
JUDVVODQGGRPLQDWHGWKHVWXG\DUHDWKURXJKRXWWKHODVWJOD
FLDOF\FOH2QWKHRQHKDQGZLWKLQWKHPHWKRGRORJLFDOXQ
FHUWDLQWLHVRIWKHHQGPHPEHUPRGHOWKHDONDQHELRPDUNHUV
DORQHFDQQRWEHFLWHGDVHYLGHQFHIRUWKHRFFXUUHQFHRIWUHHV
2QWKHRWKHUKDQGLWFDQQRWEHFRQFOXGHGWKDWWUHHVGLGQRW
FRQWULEXWHDW OHDVWSDUWO\ WR WKHREVHUYHG VFDࢗHULQJRI WKH
&UYHQNDVDPSOHV+HQFHJLYHQWKDWWKHPRGHOOLQJUHVXOWVIRU
DOO DONDQH UDWLRV VKRZVLPLODU VKL࢔V )LJ  DQGDLPLQJDW
FRQWULEXWLQJWRWKHTXHVWLRQ٩WUHHVRUQRWUHHV"٪WKHDONDQH
ELRPDUNHUUHVXOWVPD\VHUYHDVRQHWHVWLPRQ\DPRQJVWRWK
HUV
$FFRUGLQJ WR WKHPRGHOOLQJ UHVXOWV LOOXVWUDWHG LQ )LJ 
WUHHVGLVDSSHDUHGHQWLUHO\DWWKHEHJLQQLQJRIWKHODVWLQWHU
JODFLDODQGJUDVVODQGSUHYDLOHGGXULQJWKHIRUPDWLRQRIWKH
٥9 6٦ SDODHRVRO&OLPDWLFDOO\ WKHVH ३QGLQJV FDQ EH LQWHU
SUHWHGLQWHUPVRIZDUPVWHSSLFFRQGLWLRQVZLWKSURQRXQFHG
GU\VXPPHUVHDVRQV'XULQJ0,6ZKHQORHVVGHSRVLWLRQ
VWDUWHG DJDLQ ٥9 //٦ SODQWGHULYHG20 LVPX࢖EHࢗHU
SUHVHUYHG KLJK2(3 )LJ  DQG DONDQH ELRPDUNHUV LQGL
FDWHWKDWVRPHIHZWUHHVFRQWULEXWHGWRWKHYHJHWDWLRQFRYHU
)LJࢤLVLVLQGLVDJUHHPHQWZLWKWKHWUDGLWLRQDOVXJJHV
WLRQRI WUHHOHVVFROG VWHSSLFHQYLURQPHQWVGXULQJFROGDQG
GU\JODFLDOFRQGLWLRQV)RUWKH٥9/6٦LQWHUVWDGLDOSDODHRVRO
FRUUHODWHGWHQWDWLYHO\ZLWKWKH0,6WKHPRGHOOLQJUHVXOWV
VXJJHVW WKDW WUHHV UHWUHDWHG SUHVXPDEO\ EHFDXVH WKH VXP
PHUVHDVRQVZHUHDJDLQWRRGU\WRVXSSRUWWKHP7UHHVRQO\
LPPLJUDWHG DJDLQGXULQJ0,6 ZLWK WKH RQVHW RI IXUWKHU
ORHVVGHSRVLWLRQ ٥9//٦%RWK0,6DQG WKH+RORFHQH
WKHODࢗHUEHLQJUHSUHVHQWHGE\WKH٥96٦VRLOKDYHH[SHUL
HQFHGVHYHUDOPDMRU४XFWXDWLRQV LQ WKHSURSRUWLRQRI WUHHV
WRWKHYHJHWDWLRQFRYHUDWWKHVWXG\VLWHࢤHEUXQL३HGVXE
VRLOKRUL]RQRI٥96٦UHYHDOVDPDUNHGUHH[SDQVLRQRISXUH
JUDVVODQG )LJ  3UREDEO\ WKLV UH४HFWV ZDUPHU FOLPDWLF
FRQGLWLRQVZLWKORZHUQHWSUHFLSLWDWLRQLQWKH(DUO\WR0LG
+RORFHQHࢤLV LQWHUSUHWDWLRQ LV VXSSRUWHG E\ WKH FOLPDWH
PRGHOOLQJ UHVXOWV RI .ࣀࢿࣅࢭࢬࢮࢳࢫ*ࣀࢰࢿࢿࢰࢽ  IRU WKH
FRQWLQHQWDOLQWHULRUVRI(XUDVLDEHWZHHQDQGr1
ࢤH DONDQH ELRPDUNHU UHVXOWV SUHVHQWHG DERYH VXJJHVW
WKDW IXOO JODFLDO FRQGLWLRQV LQ WKH &DUSDWKLDQ %DVLQ ZHUH
QRWJHQHUDOO\࢖DUDFWHULVHGE\WUHHOHVVFROGVWHSSLFHQYLURQ
PHQWV,QVWHDGUDWKHURSHQWDLJDIRUHVWSUHYDLOHGHYHQRQWKH
ORHVVSODWHDXVࢤLV VFHQDULR LVQRWRQO\VXSSRUWHGE\RWK
HUSDODHRHFROLJLFDOSUR[LHVOLNHIRVVLO࢖DUFRDODQGPROOXVFV
6ࣤࢸࢰࢲࢴࢫ.ࢽࢺࢷࢺࢻࢻ:ࢴࢷࢷࢴࢾࢫ$ࢹࢯࢰࢷ:ࢴࢷࢷࢴࢾHW
DOEXWDOVRE\PRGHOOLQJUHVXOWV 6ࢿࢬࢲࢰBࣇ3ࢽࢺࢵࢰࢮࢿ
$FFRUGLQJO\WKHPDMRULW\RIWKH&DUSDWKLDQ%DVLQZDVQRW
FRYHUHGE\VWHSSHVGXULQJWKHODVWJODFLDOPD[LPXP/*0
alkanes derived from trees alkanes derived from grasses and herbs
modelling results (%)
based on
C31 / C27
modelling results (%)
based on
C33 / C27
modelling results (%)
based on
C31 / C29
modelling results (%)
based on
(C31+C33) / (C27+C29)
-25 0 25 50 75 100 -25 0 25 50 75 100 -25 0 25 50 75 100 -25 0 25 50 75 100
)LJ0RGHOOLQJUHVXOWVIRUWKHDONDQHUDWLRV&&&&&&DQG&&&&$OWKRXJKWKHREVHUYHGYDULDWLRQVFRXOGSRWHQWLDOO\
EHH[SODLQHGZLWKLQWHUDQGLQQHUVSHFLHYDULDELOLW\LQJUDVVODQGVWKHFRQWULEXWLRQRIVRPHIHZWUHHVWRWKHDONDQHSDߵHUQVGXULQJJODFLDOVDQGGXULQJWKH
+RORFHQHFDQQRWEHH[FOXGHG߹LVODߵHUVFHQDULRLVVXSSRUWHGE\ߴDUFRDODQGPDODFRORJLFDOࢶQGLQJVDVZHOODVE\FOLPDWHPRGHOOLQJUHVXOWV
$EE(UJHEQLVVHGHU0RGHOOLHUXQJGHU$ONDQ9HUK¦OWQLVVH&&&&&&XQG&&&&2EZRKOGLHJHPHVVHQHQ9DULDWLRQHQ
SRWHQ]LHOOGXUߴDUWVSH]LࢶVߴH9DULDELOLW¦WHQLQQHUKDOEGHU*UDVODQGYHJHWDWLRQHUNO¦UWZHUGHQN¸QQWHQLVWGDV$X߲UHWHQYRQ%¦XPHQZ¦KUHQGGHU*OD
]LDOHXQGLP+ROR]¦QGXUߴGDVJH]HLJWH$ONDQPXVWHUQLߴWDXV]XVߴOLH¡HQ/HW]WHUH$QQDKPHZLUGGXUߴGHQ1DߴZHLVYRQ+RO]NRKOHXQGPDODNRIDX
QLVWLVߴHQ)XQGHQHEHQVREHVW¦WLJWZLHGXUߴGLH5HVXOWDWHYRQ.OLPDPRGHOOHQ
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EXW UDWKHU E\ HYHUJUHHQ WDLJD 3DODHRHQYLURQPHQWDOO\ DQG
٠FOLPDWRORJLFDOO\ RQH FDQ FRQFOXGH WKDW LQ VSLWH RI ORZHU
SUHFLSLWDWLRQ OHYHOV WKDQ H[SHULHQFHG WRGD\ UHGXFHG HYD
SRWUDQVSLUDWLRQGXHWRORZHUWHPSHUDWXUHDQGWKXVDKLJKHU
QHWPRLVWXUHEXGJHWLVUHVSRQVLEOHIRUVX५FLHQWZDWHUEHLQJ
DYDLODEOHIRUWUHHVWRJURZGXULQJJODFLDOSHULRGV$OVRWKH
SDODHRFOLPDWLFPRGHOOLQJ UHVXOWVRI.ࣀࢿࣅࢭࢬࢮࢳࢫ*ࣀࢰࢿࢿࢰࢽ
VXSSRUWWKLVFRQFOXVLRQVXJJHVWLQJWKDWIRUWKH/*0
UHGXFWLRQ RI HYDSRUDWLRQZDV D VWURQJHU LQ४XHQFH RQZD
WHUDYDLODELOLW\WKDQWKHDVVRFLDWHGGHFUHDVHLQSUHFLSLWDWLRQ
HVSHFLDOO\DW٠r1 ,QFRQWUDVW WRWKHJODFLDOFRQGLWLRQV
GXULQJ LQWHUJODFLDOVWDGLDO SHULRGV VHDVRQDO VXPPHU GU\
QHVV KLJKHU WHPSHUDWXUH DQG HYDSRUDWLRQ FRPELQHG ZLWK
OHVVVXPPHUSUHFLSLWDWLRQPD\KDYHLPSHGHGWKHH[SDQVLRQ
RIIRUHVWVDWOHDVWRQWKHORHVVSODWHDXV
6RPHSUHOLPLQDU\FRQFOXVLRQVFRQFHUQLQJORHVVVHGLPHQ
WDWLRQGXULQJWKHODVWJODFLDOF\FOHFDQEHGUDZQIURPWKHVH
३QGLQJVࢤH ORHVV SODWHDXV LQ WKH&DUSDWKLDQ %DVLQZHUH
FRYHUHGE\YHJHWDWLRQFDSDEOH WR३OWHUDHROLDQGXVWGXULQJ
WKHZKROHODVWJODFLDOF\FOH+RZHYHULWVHHPVWKDWORHVVVHG
LPHQWDWLRQGLGQRWGHSHQGFUXFLDOO\RQWKHYHJHWDWLRQW\SH
EXW UDWKHU RQ WKHGXVW VXSSO\RULJLQDWLQJ IURP WKH JODFLDO
EUDLGHGULYHUV\VWHPVGXULQJWKHJODFLDOSHULRGV%ࣀࢲࢲࢷࢰHW
DO6ࢸࢬࢷࢷࢰࣄࢫ/ࢰࢬࢮࢳࢤLVVXSSRUWVWKHDSSHOOD
WLRQ٥'DQXEH/RHVV٦QDPHRIWKHVSHFLDOVHVVLRQGXULQJWKH
'(848$PHHWLQJLQ9LHQQDIRUPDQ\RIWKHDHROLDQ
VHGLPHQWVRIWKH&DUSDWKLDQ%DVLQ
5  Conclusions and Outlook
,Q RUGHU WR FRQWULEXWH WR WKH GLVFXVVLRQ RYHU٩WUHHV RU QR
WUHVV٪:ࢴࢷࢷࢴࢾࢫ$ࢹࢯࢰࢷLQWKH&DUSDWKLDQ%DVLQGXULQJ
IXOOJODFLDO FRQGLWLRQVZH LQYHVWLJDWHG WKHDONDQHSDࢗHUQV
RIPRGHUQIRUHVWVDQGJUDVVODQGVDVZHOODVWKRVHUHFRYHUHG
IURP WKH &UYHQND ORHVVSDODHRVRO VHTXHQFH RQ WKH VRXWK
ZHVWHUQHGJHRI WKH%DÏND/RHVV3ODWHDX5HVXOWV IURPWKH
PRGHUQVWXG\VLWHVVXJJHVWLWKDWWKHSODQWGHULYHGDONDQH
ELRPDUNHUVKDYHWKHSRWHQWLDOWRGL२HUHQWLDWHEHWZHHQ20
GHULYHGIURPIRUHVWVYHUVXV20GHULYHGIRUPJUDVVODQGVLL
WKDWWKHDONDQHUDWLRVGRQRWRQO\GHSHQGRQWKHW\SHRIYHJ
HWDWLRQEXWDOVRRQWKHGHJUHHRI20GHJUDGDWLRQ:HWKHUH
IRUHSURSRVHDQHQGPHPEHUPRGHOEDVHGRQWKHDONDQHSDW
WHUQVRIOLࢗHUDQGWRSVRLOVIURPPRGHUQVWXG\VLWHVWKDWWDNHV
LQWRDFFRXQWWKHGHJUDGDWLRQGHSHQGHQF\XVLQJWKH2(3DV
GHJUDGDWLRQSUR[\RIGL२HUHQWDONDQHUDWLRV
ࢤHUHVXOWVIRUWKH&UYHQNDORHVVSDODHRVROVHTXHQFH३UVW
O\GHPRQVWUDWHWKHSRWHQWLDORIWKHDONDQHELRPDUNHUPHWKRG
IRUWHUUHVWULDODU࢖LYHVZKHUHSROOHQDUHR࢔HQLQWHQVLYHO\GH
JUDGHG 6HFRQGO\ WKH\ FOHDUO\ VKRZ WKDWJUDVVHVGRPLQDW
HGWKHYHJHWDWLRQFRYHUGXULQJWKHZKROHODVWJODFLDOF\FOH
ࢤHDFFXUDF\RIWKHPRGHOLVOLPLWHGE\WKHVFDࢗHULQJRIWKH
PRGHUQGDWDVHWVIRUJUDVVODQGVDQGIRUHVWV1HYHUWKHOHVVWKH
PRGHOOLQJ UHVXOWV IRU GL२HUHQW DONDQH UDWLRV UHYHDO VLPLODU
DQGV\VWHPDWLFVKL࢔VZKL࢖PD\KDYHEHHQFDXVHGE\VPDOO
DQGYDU\LQJSURSRUWLRQVRI WUHHV$FFRUGLQJO\ SXUHJUDVV
ODQGSUHYDLOHGGXULQJ WKH ODVW LQWHUJODFLDODQG LQWHUVWDGLDO
ZKHUHDVVRPHIHZWUHHVFRQWULEXWHGWRWKHVRLO20GXULQJ
JODFLDOSHULRGVDQGKHQFHGXULQJORHVVGHSRVLWLRQࢤLVTXHV
WLRQV WKH WUDGLWLRQDODQGSDO\QRORJLFDOO\GHULYHGSDUDGLJP
RIWUHHOHVVIXOOJODFLDOSDODHRHQYLURQPHQWVEXWLVLQDSSDU
HQW DJUHHPHQW ZLWK ࢖DUFRDO DQG PDODFRORJLFDO ३QGLQJV
IURPWKH&DUSDWKLDQ%DVLQDVZHOODVZLWKPRGHOOLQJUHVXOWV
2QJRLQJZRUNIRFXVHVRQb'DQGb2DQDO\VHVLQSODQW
GHULYHG ELRPDUNHUV IURP ORHVVSDODHRVRO VHTXHQFHV 5H
FHQWO\ZHKDYHHVWDEOLVKHGWKHUHVSHFWLYHPHWKRGIRUb2
DQGGHPRQVWUDWHGLWVSRWHQWLDOWRVHUYHDVFOLPDWHSUR[\LQ
PRGHUQOLࢗHUDQGVRLOV=ࢰࢮࢳࢫ*ࢷࢬࢾࢰࢽ+HQFHZD
WHUVWUHVVRISODQWVZKL࢖ZHPDNHUHVSRQVLEOHIRUࢣDWHU
QDU\YHJHWDWLRQ࢖DQJHVLQRXUVWXG\DUHDUDWKHUWKDQFROG
WHPSHUDWXUHVFRXOGEHDGGUHVVHGPRUHTXDQWLWDWLYHO\LQWKH
IXWXUH
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